How CAN LIBRARIANS QUANTIFY the acquisition rate and substantiate their request for annual funding of library resources? The criteria espoused in existing acquisition formulas are based on minimum collection size or the number of faculty and students as well as graduate and undergraduate programs. The recommended number of volumes to be added for each such component is based on empirical analysis. Can variables that may have an effect on the rate of acquisition be identified and analyzed and later put into some type of formula? This is the question analyzed in this study.
How CAN LIBRARIANS QUANTIFY the acquisition rate and substantiate their request for annual funding of library resources? The criteria espoused in existing acquisition formulas are based on minimum collection size or the number of faculty and students as well as graduate and undergraduate programs. The recommended number of volumes to be added for each such component is based on empirical analysis. Can variables that may have an effect on the rate of acquisition be identified and analyzed and later put into some type of formula? This is the question analyzed in this study.
An assumption was made that, in spite of certain built-in weaknesses, circulation implies use, which, in tum, is a valid predictor of user needs. If this is the case, then what factors affect circulation? A longitudinal study showed that the rate of circulation of newly acquired materials drops off at a rate approximately equal to one-half of the previous year's circulation. 1 In general, new Based upon the responses of libraries in this study, the correlation coefficient between the number of books in the library and the number of books checked out is 0. 72. However, the same two variables calculated on a per student basis yield a much lower correlation coefficient, that of 0.35. Both coefficients show the existence of a definite relationship between circulation and collection size. Naturally, the larger the collection the greater the number of books that will be circulated. s,s However, it also has been shown that only a fraction of the collection meets the majority of user needs. 7 Therefore, as collection size grows, the corresponding per student circulation does not increase at the same rate. For this reason , the correlation coefficient between collection size and circulation, calculated on a per student basis, is smaller. The mean number of volumes per student (PSV) in the collection in this sample was found to be 82.0 books; the mean number of books checked out was 25. 4 . It appears that many libraries circulate more than 25.4 books per student with fewer than 82.0 volumes per student in the collection.
With a lower correlation coefficient between library holdings (books) and circulation, calculated on per full-time equivalent student basis, it was concluded that there ought to be an acquisitions rate range for any university or college library that can be justified in terms of the frequency of circulation; and, conversely, acquiring materials beyond the suggested rate of acquisition would do little to further increase circulation . William B. Rouse ' s mathematical model for predicting circulation based on a recommended rate of annual acquisitions suggests that calculating such acquisition rate guidelines is feasible . 8 In the most frequently quoted guidelines for collection size, the Clapp-Jordan, and its modified version, the Washington State formula, the acquisition budget is justified in terms of collection size. A specified number of books are to be added for every student , faculty member, and academic program until the collection reaches a prescribed size. Both formulas recognize the need for specifYing the annual growth allocation. The Clapp-Jordan formula suggests an increment of 6 percent of the base collection, while the Washington State formula recommends a 5 percent increment of the minimum size of the collection calculated by the formula.
The acquisition growth rates recommended by both formulas are based on empirical analysis. The question is: How valid are these recommended figures? In one of the most thorough analyses of the ClappJordan formula, Mcinnis concluded that this formula as stated is not statistically verifiable . 9 The weight assigned to this formula, therefore, may be useful as a general guide but lacks statistical validation. Since the Washington State formula is a modification of the Clapp-Jordan formula, one can also question the statistical validation of this formula.
Melvin J. Voigt developed an acquisition rate model formula for large universities with extensive advanced graduate programs. It is based upon an empirically developed base figure of forty thousand books, which is to be added annually by a university offering doctorates in at least ten areas. There are further adjustments, made by adding a specific number of volumes to the base figure, for any additional graduate programs or number of undergraduate students over the initial five thousand students or extensive involvement in sponsored research. It appears that the base figure as well as the adjustments for additional academic programs is related to the annual rate of publishing. 10 The Voigt model emphasizes the annual rate of acquisition, which is not based upon the existing size of the collection; however, it is geared to larger academic libraries where annual acquisitions are less selective and more inclusive. The formula is rather general with no apparent statistical validation and with limitations as in the ClappJordan formula. A twelve-variable correlation and multiple regression analysis was conducted to ascertain what factors affect the circulation rate. R 2 and F test were calculated to determine the variance and statistical significance of the variables analyzed. 12 A regression line was developed using circulation and acquisition variables calculated on a per FTE (fulltime equivalent) student basis. The circulation and the acquisition range as reported by the responding libraries was compared with the corresponding acquisition range on the regression line.
Using the three variables with the highest correlations (see 3. the number of the undergraduate and graduate courses offered by each institution with a given size of library collection were used to calculate the recommended rate of acquisition for each group of libraries within a given collection size.
The libraries were grouped according to collection size to standardize comparative analysis. To arrive at a uniform unit of measure independent of the size of the student body, the rate of circulation and the rate of acquisition' were figured on a per student basis. Thus PSC (per student circulation) represents the number of volumes circulated per FTE student as reported by the responding institution. Per student acquisition (PSA) was calculated in the same way. The mean per student circulation for the 292 libraries responding was 25.4 books per student.
The number of volumes in the collection calculated on per student basis and the PSC or PSA values for the responding libraries that deviated from the mean by more than three standard deviations were eliminated from further calculations. Based upon statistical probability, the chance of having a library report such a deviation can occur once in 500. Any more frequent occurrence is atypical. This working sample included about 300 libraries, with thirteen reporting that one of the three variables varied by more than three standard deviations from the mean. Retaining these thirteen libraries not only would have distorted the total sample but also would have been unrepresentative of this kind of sample. The F values include the intercorrelationary effects of other variables. As shown in the regressional degrees of freedom, the "number of books added" variable had three other variables affecting its F value, while the "FTE size/students" had ten other variables. To double-check against possible cumulative intercorrelationary effects of other variables on the variables listed in table 1, separate F tests were run for the "number of books added vs. circulation" and "FTE size/students vs. circulation." The values for F ratios are 403.8 and 533.3 respectively with 1 and 298 degrees of freedom, 13 all significant values at p < .01.
After the variables were identified that most strongly correlated with circulation, a statistical test was applied to determine whether use as measured by circulation varies significantly with size of collection and, thus, indirectly with the size of the student body. There appears to be little deviation from the mean in PSC among the six groups of libraries, as is shown in table 2.
The null hypothesis tested was as follows: The mean of individual groups of libraries differentiated by collection size does not vary significantly from the population mean. A "T" test was applied, and the null hypothesis cannot be rejected at less than .10 level of significance. This means that six groups of libraries do not deviate significantly from the mean of the entire sample population; therefore, collection size is not a significant factor in PSC variations.14 The second null hypothesis tested was to determine if there is any significant variation in the PSA rate between the means for libraries grouped by collection size and the mean of the entire population sample. The hypothesis tested was as follows : There is no significant difference between the mean of per student acquisition rate for each group of libraries differentiated by collection size and the mean for the entire population sample.
As shown in table 3, the hypothesis cannot be rejected in any of the library groups.
This would indicate that the mean PSA expenditure for individual library groups differe ntiated by collection size is not significantly different from the PSA population mean for all the libraries in the sample. Therefore , expenditures for books on per student basis do not vary significantly between the smaller and the larger libraries. Naturally, the total amount spent varies with the size of the student body; however, since use is dependent upon continuous acquisitions, this dependency is proportionally The two variables that were found to have the best predictive potential for the recommended rate of per student acquisition were PSC (per student circulation) and UGC/ps (the number of undergraduate and graduate courses offered by the institution calculated on per FTE student basis). On the basis of the data provided by the responding libraries, the following multiple regression equation was developed to calculate the recommended number of books to be added on per FTE student basis: The predictive multiple regression equation enables one to calculate the recommended number of books to be added. It does not, however, offer any means of comparison between a particular library and other libraries that are similar in size but perhaps different due to unusual factors such as above-average size of student body, extremely large collections, special educational programs, or other distinguishing characteristics.
To provide each library with such means of comparison, the responding libraries were grouped by collection size, and average values were calculated for 1. the number of books added by each group; 2. the actual per student acquisition for each group; 3. the number of undergraduate and graduate courses offered; and 4. size of the student body. The average value for any of the above categories was obtained by dividing the sum of reported values-such as the total number of books added by libraries with collection size 0-99,999 volumes-by the total number of FTE students . A similar process was used for obtaining other average values.
The predictive multiple regression equation was used to calculate the recommended number of books to be added using the average values as shown in table 4. It was reasoned that, if these figures are used to predict the recommended number of books to be added for each group of libraries grouped by collection size, a most representative predicted value for PSA will have been calculated. Any deviation from average values would have to be accounted for locally by the individual library.
Column B in table 4 gives the actual average number of books added as reported by the responding libraries. Column C gives the recommended number of books to be added, calculated for an average size of FTE student body. Columns D and E represent the same figures as columns B and C except they are given on a per student basis. 
DISCUSSION
The assumption was made that circulation implies use and, therefore, predicts user needs. The effort was made to identify variables that correlate with the rate of acquisition and circulation. After such variables were identified, a multiple regression formula was developed showing that the predicted rate of acquisition can be best described on the basis of past circulation and the number of undergraduate and graduate courses offered by the institution.
The recommended figure is more a measure of the average relationship than a suggestion of minimum rate of acquisition. It simply suggests that, given a particular set of conditions, the recommended rate of acquisition represents the best fit for that specific college or university library in relation to other libraries in the population sample.
One of the questions raised earlier concerned the acquisition rate range for a college or university library that could be justified in terms of use. Is it possible to identify such a range and show that acquiring materials beyond it would do little to further increase circulation? To answer this question, two equations with PSC as a dependent variable and PSA as an independent variable were developed. The above range, naturally, reflects the central tendencies of "average" libraries. There are libraries with a smaller PSA rate and above-average circulation as well as libraries that buy more books per student than the recommended average and yet circulate fewer books per student than other, comparable libraries.
Two libraries were randomly selected to determine how close the four-variable multiple regression formula comes to the actual annual rate of acquisition as reported by the library, (see figures 1 and 2).
To apply this formula, one has to calculate the PSC and UGC/ps for the individual library and multiply them by the constants. The constants for the predictive multiple regression equation are 0.0345 and 2.39 respectively. By adding these products to another constant, 1. 98, one comes up with the recommended PSA. To calculate the recommended number of books to be added by the institution with a given FTE student size , one needs simply to multiply the calculated PSA by the number of FTE students.
The library in figure 1 acquired 86 percent of what is recommended by the multiple regression formula . However , the number of courses offered is 36 percent higher than the overall average for the number of courses offered by a university of this size.
If the overall average number of undergraduate and graduate courses offered by the university with this collection size is An Acquisition Rate Model I 445 used (2,455) in place of the actual number of courses offered (3, 346) , then the recommended number of books to be added is 47,856, reducing the difference between the actual and recommended rate of book acquisitions from 14 percent to 10 percent. This clearly points to the conclusion that the courses offered by the institution have a definite effect on library use and, therefore, acquisition of books.
The number of volumes per student in this library's collection is within one-half standard deviation below the mean: not an outstanding, but a tolerable, condition. The reported PSA rate for this library is well below the average PSA rate as recommended in table 4 or the recommended PSA rate calculated using the predictive multiple regression equation.
Referring to the comparison of the linear and curvilinear equations (table 5) which show an incremental relationship between PSA and PSC, it appears that the circulation (and thus use) in this particular library would increase with corresponding increase in the rate of PSA. Its present PSC is 24.51, and the PSA is 2.89. If the library increased its PSA to the recommended PSA rate of 3.34, the corresponding student circulation could go up, according to the curvilinear equation, to 25. 98, or roughly 26 books per student.
Following is the quadratic equation showing projected PSC based on the recommended PSA. 
25.98
In the case shown in figure 2 the actual acquisition rate is 92 percent of the recommended number of books to be added. The PSA rate calculated by the predictive multiple regression equation is higher than the one recommended in table 4, possibly because the number of per student volumes in this collection is more than one standard deviation below the mean. The number of books per student in the collection (PSV) for the entire population sample is 82 with a standard deviation of 48. This particular library's PSV is 24 books. At the same time, its per student circulation is 40.48 books, or 
IMPLICATIONS
The validity of the mathematical formula used to justify the acquisition rate must bear all inconsistencies inherent in the variables used to derive such a formula. Referring to the above two libraries in particular, and to all libraries in general, one must account for the inaccuracies present in the data that weaken the predictive value of the dependent variable (number of books to be added). Factors that account for such inaccuracies include the following:
1. Similar courses are offered by more than one department.
2. Different institutions use a different frame of reference to calculate the FTE student body.
3. Circulation figures and acquisition figures are not arrived at uniformly by all libraries.
4. Each subject discipline has its own peculiarities and patterns of use.
5. Government documents are included as part of the total collection by some libraries and excluded by others.
The natural tendency is to attribute more to any mathematical formula than what it can possibly do. The multiple regression formula and correlation coefficients show that use and rate of acquisition are related. This relationship has been quantified to represent the best fit for the responding libraries. Naturally, it would be an error to assume that predictive values based on the practices of responding libraries reflect the best acquisition needs for all libraries.
Quantification of user needs is a very elusive area of research. The effort to quantifY user information needs is based upon the assumption that circulation implies not only use but actual need. There is no way, for instance, to measure now frequently the user checks out a certain book simply because the exact book the reader wanted was not available. Therefore, not only must each library applying this formula carefully analyze its own peculiarities, but an effort to quantifY acquisition rate must be validated with further research.
FURTHER RESEARCH
The acquisition rate formula is designed to provide a recommendation as to the number of books that should be acquired by a given library. Nothing was said concerning which books to acquire. Since it has been shown that use is curriculum-related, efforts should be undertaken to study frequency of use as related to specific academic disci-plines. Further correlationary analysis of the circulation patterns affected by the curricular programs and related to the publishing output in corresponding subject areas should give new insight into the desirable rates of acquisition. F test uses a ratio of the mean square due to regression compared to the residual mean square. If this number is large, it indicates that the "dependent" variable is truly dependent upon the "independent" variable(s). 13. The df (degrees of freedom), the divisor of the sum of squares of the deviations, is used to obtain the best estimate of the population variance. For example, the total degrees of freedom for the sum of squares of the deviations of Yi (the observed values of y) from y (the average of the sample values of y) for 97 observations would be 97 (the number of independent observations) minus 1 because y is obtained from the sample rather than a known mean of the entire population. Thus the total number of degrees of freedom is 96. In obtaining the prediction e·1uation us!!!g four_prediction variables, the equivalent of xl X 2 , X 3 , and X 4 must be obtained from the data, as in y, each "uses" one degree of freedom. This leaves 92 degrees of freedom for the sum of squares for (Yi -Yi), the residual sum of squares where (yi) is the predicted value associated with Yi· For more detailed discussion consult H. M. Blalock, Jr., Society Statistics (New York: McGraw-Hill, 1972), chapter 12. 14. T test is used to measure whether the mean of the sample chosen is significantly different from the assumed population mean. The df, as explained above, refers to the number of variables free to vary. If the "t'' value is less than the number given in the "t'' distribution table with corresponding df, then "t'' value is not significant. It means, then, that there is no significant difference between the population mean and the means of any one of the groups. Consequently, the PSC mean does not differ significantly with collection size. For a more detailed discussion see Ullman's Statistics, chapter 15.
